We have developed a simulator to help with the design and evaluation of assistive interfaces. The simulator can predict possible interaction patterns when undertaking a task using a variety of input devices, and estimate the time to complete the task in the presence of different disabilities. In this paper, we have presented a study to evaluate the simulator by considering a representative application being used by able-bodied, visually impaired and mobility impaired people. The simulator predicted task completion times for all three groups with statistically significant accuracy. The simulator also predicted the effects of different interface designs on task completion time accurately.
INTRODUCTION
We have taken a novel approach to designing and evaluating inclusive systems by modelling performance of users with a wide range of abilities. We have developed a simulator that can predict possible interaction patterns when undertaking a task using a variety of input devices, and estimate the time to complete the task in the presence of different disabilities and for different levels of skill [1, 2, 3] . In this paper, we demonstrate its use in evaluating interfaces for an application used by able-bodied, visually impaired and mobility impaired people.
THE STUDY
In graphical user interfaces, searching and pointing constitute a significant portion of human computer interaction. Users search for many different artifacts like information in a web page, button with a particular caption in an application, email from a list of mails etc. We can broadly classify searching in two categories.
Text searching includes any search which only involves searching for text and not any other visual artifact. Examples include menu searching, keyword searching in a document, mailbox searching and so on.
Icon Searching includes searching for a visual artifact (such as an icon or a button) along with text search for its caption. The search is mainly guided by the visual artifact and the text is generally used to confirm the target.
We present a study involving an icon searching task. We simulated the task using our simulator and evaluated the predictive power of the model by comparing actual with prediction.
Experimental design
We conducted trials with two families of icons. The first consisted of geometric shapes with colours spanning a wide range of hues and luminance ( Figure 1 ). The second consisted of images from the system folder in Microsoft Windows to increase the external validity (Figure 2 ) of the experiment. Each icon bears a caption underneath. The first two letters and length of all the captions were kept same to avoid any pop-out effect of the captions during visual search.
The experiment was a mixed design with two measures and a between-subject factor. The within-subject measures were spacing between icons and font size of captions. We used the following three levels for each measure Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. The between-subjects factor is Group o Able bodied o Visually impaired o Motor impaired Each participant undertook 8 trials for each combination of the within-subject measures. The sequence of the trials was randomized using a Latin-square.
Material
We used a 1280 × 800 LCD colour display driven by a 1.7 GHz Pentium 4 PC running the Microsoft Windows XP operating system. We also used a standard computer Mouse (Microsoft IntelliMouse® Optical Mouse) for clicking on the target.
Process
The experimental task consisted of shape searching and icon searching tasks. The task was as follows:
1. A particular target (shape or icon with a caption) was shown.
2. A set of 18 candidates for matching was shown.
3. Participants were asked to click on the candidate which was same as the target both in terms of icon and caption.
Each participant did 72 searching and pointing tasks in total. They were trained for the task before start of the actual trial. However one of the participants (P4) retired after undertaking 40 trials.
Participants
We collected data from 2 able bodied, 2 visually impaired and 3 motor-impaired participants ( Table 1 ). All were expert computer users and used computers more than once a week.
Simulation
Initially we analyzed the task in light of our cognitive model [1] . Since the users undertook preliminary training, we considered them as expert users. We followed the GOMS analysis technique and identified two sub-tasks 1. Searching for the target.
2. Pointing and clicking on the target.
So the predicted task completion time is obtained by sequentially running the perception model [2] and the motor-behaviour model [3] . The predicted task completion time is the summation of the visual search time (output by the perception model) and the pointing time (output by the motor-behaviour model). Figure 3 shows the correlation between actual and predicted task completion times. We also calculated the relative error Actual Actual Predicted − and show its distribution in Figure 4 . The superimposed curve shows a normal distribution with same mean and standard deviation as the relative error.
Results
We found that the correlation is ρ = 0.7 (p < 0.001) and 56% of the trials have a relative error within ± 40%. The average relative error is + 16% with a standard deviation of 54%. The model did not work for 10% of the trials and the relative error is more than 100% in those cases. For the remaining 90% of the trials the average relative error is + 6% with a standard deviation of 42%.
We also analyzed the effects of font size and icon spacing on the task completion time and investigated whether the prediction reflects these effects as well. So we conducted two 3 × 3 ANOVA (Spacing × Font × Group) on the actual and predicted task completion times respectively. We investigated both the within subject effects and results of a multivariate test. In the ANOVAs, we did not consider the trials for which the relative error was more than 100% as the model did not work for those trials. Participant P4 did not also complete the trial, leaving us with 40 rows of data (N = 40). Figure 5 shows that the effect sizes (η 2 ) are also fairly similar in the prediction as in the actual. This suggests that the simulator successfully explained the variance in task completion time for different factors. We confirm these effects through a multivariate test (Figure 6) , which is not affected by the sphericity assumption. The maximum difference is below 10% in within-subject test and below 20% in multivariate test. As these factors include both interface parameters and physical characteristics of users, we can infer that the simulator has successfully explained the effects of different interface layouts on task completion time for people with visual and motor impairment. Figures 7 and 8 show the effects of font size and spacing for different user groups. In Figures 7 and 8 , the points depict the average task completion time and the bars show the standard error at a 95% confidence level. It can be seen from Figures 7 and 8 that the prediction is in line with the actual task completion times for different font sizes and icon spacing.
However the prediction is less accurate in one of the nine conditions -the medium font size and medium spacing for the motor impaired users. We found that, in these cases the model underestimates the task completion times and also fails to capture the variability in task completion times. We have developed a simulator to help with the design and evaluation of assistive interfaces. Choosing a particular interface from a set of alternatives is a significant task for both design and evaluation. In this study, we considered a representative task and the results showed that the effects of both factors (separation between icons and font size) were the same in the prediction as for actual trials with different user groups. The prediction from the simulator can be reliably used to capture the main effects of different design alternatives for people with a wide range of abilities.
Scatter Plot
However the model did not work accurately for about 30% of the trials where the relative error is more than 50%. These trials also accounted for an increase in the average relative error from zero to 16%. In particular, the predicted variance in task completion times for motor impaired users was smaller than the actual variance. This can be attributed to many factors; the most important ones are as follows.
Effect of usage time -fatigue and learning effects: The trial continued for about 15 to 20 minutes. A few participants (especially one user in the motor-impaired group) felt fatigue. On the other hand, some users worked more quickly as the trial proceeded. The model did not consider these effects of fatigue and learning. In future we plan to incorporate the usage time into the input parameters of the model.
User characteristics:
The variance in the task completion time can be attributed to various factors such as expertise, usage time, type of motorimpairment (hypokinetic vs. hyperkinetic), interest of the participant etc. Currently, the model characterizes the extent of motor-impairment of the user only by measuring the grip strength [3] , in future more input parameters may be considered.
